The testing-effect and restudy behavior 3 Though the testing-effect can be boosted by including a restudy phase after answering test questions, we do not know precisely why it does so. One possible explanation is being tested here. The present study measured attention allocation during initial reading and rereading with a remote eye tracker to gain information on the cognitive processes during restudy, with and without prior testing. The results show that at the final study moment, students in the study-test-condition attended longer to information pertaining to the initial test questions as compared to students in the study-only condition (i.e., who did not take the test). No differences in attention allocation were found for information only questioned on a posttest one week later. In addition, it was found that performance on the initial test questions heavily affected which information students restudy; students in the study-test-condition paid namely more attention to the answers of questions they answered incorrectly during the initial test than to the answers of the questions they answered correctly on the initial test.
Traditionally, tests and examinations are used as summative assessment tools that measure what a student has learned (cf. Harlen, 2006) . However, memory researchers have found that retrieving information during learning by means of testing enhances retention significantly more than spending a comparable amount of time rereading the information.
This effect of taking tests to enhance memory is well-known as the testing-effect and has a long research history (Gates, 1917 ; see Karpicke & Grimaldi, 2012 ; see Roediger & Karpicke, 2006; see Roediger & Butler, 2011; see Roediger, Putnam, & Smith, 2011; Spitzer, 1939) .
Whereas many testing-effect studies used research designs in which a single test phase was compared with a single restudy phase, quite a number of testing-effect studies also included a restudy phase after initial testing to boost the testing-effect (e.g., Gates, 1917) . However, the cognitive processes which cause this boosting have not been well investigated.
The present study tries to shed some light on the question why restudy boosts the effect of retrieval thereby investigating if attention allocation plays a role by making use of eye tracking.
The Testing-effect with Restudy
One of the earliest studies on the testing-effect has been conducted by Gates (1917) .
He gave students biographies and syllables and asked them to study this material. Some of the students were then tested, others were asked to keep on studying. Of the students who were tested, some of them were given the opportunity to look back at the materials after they were being tested. Gates found that restudy after initial testing plays an important role in boosting the beneficial effect of testing and, consequently, quite a number of studies exploring the testing-effect in real educational settings have included a restudy phase (as Gates) after initial testing in their designs (e.g., Karpicke & Roediger, 2007) .
To explain why restudy after testing boosts the testing-effect, some researchers have suggested that giving students test questions prior to or during learning guides future study
The testing-effect and restudy behavior 5 behavior (e.g., Andre, 1979; Hamilton, 1985; Karpicke, 2009; Karpicke & Roediger, 2007; Kornell, Hays, & Bjork, 2009; Pyc & Rawson, 2010; Rothkopf, 1966) . That is, questions are posited to have a potentiating effect (see and to help students establish a "search set" (Raaijmakers & Shiffrin, 1981) aiding them in allocating their limited attentional resources during study. Rothkopf called this effect of questions on restudy behavior "mathemagenic behavior" (literally 'behavior that gives birth to learning'). It implies that test questions given before or during (re)study are beneficial for learning because they cue students' attention towards a specific type of information and/or the answers on the initial test questions (i.e., targeted information), and, they help (i.e., cue) students to ignore information irrelevant for the intended purpose (i.e., non-targeted information). Thus, answering questions is not only seen as a strategy having a direct effect on learning (i.e., the retrieval process changes memory), but also an indirect effect. It guides learners to examine specific instructional material better which results in improved learning of that material, but not of non-questioned material (cf. Roediger & Karpicke, 2006; .
A related explanation comes from the 'Productive Failure' literature (Kapur & Toh, 2013; Kapur, 2014) . Productive failure refers to the finding that trying to solve problems before instruction, leads to better problem solving and transfer as compared to direct instruction where the information is presented before trying to solve the problem. An important prerequisite is however that instruction is given after attempted problem solving.
One of the explanations for productive failure is that it helps them better to prepare for subsequent instruction. Another explanation is that students better process the instruction because they are less confident about their knowledge when first trying to solve problems as compared to first studying the material.
Processes during Restudy
Although the research on mathemagenic behavior gives some information on the potentiating effect of testing for learning, it has not investigated the online study processes
The testing-effect and restudy behavior 6 during restudy. Instead it looked at the effect of answering a specific type of question on subsequent performance and draws inferences from those results about the processes that might explain such effects. Research on online reading-behavior shows, however, that answering questions during reading (i.e., when text and questions are presented simultaneously) indeed affects the online reading process (Britt & Angliskas, 2002; Cerdán, Vidal-Abarca, Martínez, Gilabert, & Gill, 2009; Goldman & Rakestraw, 2000; Roll, Holmes, Day, & Bonn, 2012) . When students are given questions during study, their learning goal is to answer the given questions and this goal steers subsequent attention allocation. Prior research in which students answer factual knowledge questions with the text present shows, for example, that students search only a small number of paragraphs per question to find the answers to those questions (e.g., Roll, et al.,; Vidal-Abarca, Gilabert, & Rouet, 1998) . Hyönä, Niemi, and Underwood (1989) , on the contrary, found that rereading a text without answering questions prior to or during that reading leads to quicker reading behavior with less detailed attention to specific information (i.e., scanning the whole text instead of detailed rereading).
Performance on Initial Tests as a Mediator for Restudy Behavior
Although it thus seems that posing questions during reading has an effect on restudy behavior, Carrier and Pashler (1992) suggested that restudy is particularly effective when initial retrieval is rather low and/or inaccurate, indicating that not only giving test questions to students or not giving questions, but also initial performance on these questions, affects attention allocation. This is confirmed by research of, for example, Gurthie (1972) which shows that feedback (i.e., restudy) has almost no effect on initially correct answers, but can increase subsequent performance up to 400% for initially incorrect answers. In addition, research on study-time allocation -where students have to deliberately select the material they want to restudy -shows that, when students are asked to select material for restudy, they generally choose material that they believe they have not very well mastered and pay less attention (i.e., do not select) to material they believe they have already mastered (e.g., Bisanz,
The testing-effect and restudy behavior 7 Vesonder, & Voss, 1978; Karpicke, 2009) . In other studies, however, students have selected material for restudy which they believed to be relatively easy (i.e., information that was retrievable), probably because they want to rehearse this material (e.g., Metcalfe & Kornell, 2003; Thiede & Dunlosky, 1999; Son & Metcalfe, 2000) and this seemed much more beneficial than dropping material from further study (Karpicke & Roediger, 2007) .
Research Questions
Restudy plays an important role in boosting the beneficial effects of retrieval practice (e.g., Gates, 1917) . In addition, in educational practice, most students will choose to restudy a text after initial testing ). Thus, investigating what actually happens during such a restudy phase could yield interesting and important information when aiming to implement the testing-effect in schools. Although there is some research which shows that answering questions during reading leads to specific search behavior and increases attention to goal related material, no such research has been conducted for the testing-effect, where the most interest has been in the retrieval function of testing and questions are presented prior to subsequent restudy. The present study is therefore an attempt to investigate if mathemagenic behavior can also explain the boosting effect of restudy for the testing-effect. More specifically, the study explores if answering questions prior to restudy -as compared to not answering such questions -affects attention allocation during subsequent study and if and how performance on those questions is of influence. For this purpose eye tracking is used. As compared to prior research (i.e., Rothkopf & Bisbicos, 1967) , the present study investigated online study behavior after answering initial test questions. The following hypotheses are tested: H1) During initial study, there are no differences in attention allocation between conditions since no questions were given prior to initial study (i.e., manipulation check).
H2a) During restudy, students in the study-test-condition will focus longer on the The testing-effect and restudy behavior 8 information asked for in the initial test questions (i.e., targeted information) as compared to students who are not tested (i.e., study-only condition).
H2b) No attention allocation differences are expected to occur for information not covered by the initial test questions (i.e., non-targeted information). In other words, students in the study-test-condition will pay the same amount of attention to non-targeted information than students in the study-only-condition.
For the testing-condition, the following additional hypotheses are tested: H3a) Students in the study-test-condition use the restudy phase to focus on incorrectly recalled information H3b) Students in the study-test-condition use the restudy phase to rehearse correctly recalled information. H4) If students in the study-test-condition focus longer on the information they initially answered incorrectly, then this will lead to increased performance on those questions (i.e., a high percentage of 'learned items'; as has been suggested by for example Gurthie, 1971 ) whereas when students use the restudy phase to rehearse correctly retrieved information, this will lead to a high percentage of remembered items.
Method Participants
For this experiment, 56 students in 7 th or 8 th grade of a secondary academic track school (Gymnasium) in Germany (50% males) who volunteered to participate (Mean Age = 13.16 years; SD = .69 years) were included when they did not wear contact lenses or glasses and calibration was sufficient (calibration scores > .08). Students were paid 20 Euros for participation at the end of the experiment.
Apparatus and Materials
Eye-tracker. The complete experiment ran on a video based remote eye tracking device (RED) from Sensomotoric Instruments (SMI) set at 120 Hz. This infrared camera was
The testing-effect and restudy behavior 9 fixated under the screen of the stimulus PC, located in a recording room at the university and enabled the investigation of reading behavior and attention allocation on a very detailed level (Van Gog & Scheiter, 2010) .
Expository text.
An expository text of 766 words on a -for the students -unfamiliar mathematics topic (i.e., probability calculations) was used as stimulus in this experiment (see appendix I). The text was used in other experiments (XXX, et al., 2013) and translated into German. It was written in such a way that all students should be able to comprehend the text.
The text contained five short paragraphs (Mean length = 180 words).
Factual knowledge test. The factual knowledge test was comprised of five questions
(see appendix I for example questions). These questions have been used in a prior experiment (XXX, et al., 2013) and were translated into German. For each paragraph one factual knowledge question was constructed. The answers to the factual knowledge questions could be found literally in the text and comprised maximally one sentence. A pilot study showed that, on average, students were able to answer about 50% of the questions correctly after having studied the text (i.e., on a posttest), indicating that the questions were of moderate difficulty. 
Posttest

Eye tracking analyses
For each answer on the initial and final test, an AOI was defined in the expository text.
The AIOs were between one word and one sentence long and comprised no more than 5% of the expository text. For example, the answer to questions 1 ("What is the name of the inventor of the probability definition?") in the initial test was Pierre so the name Pierre was defined as AOI in the expository text. In line with the choices made for the test questions, the AIOs were evenly distributed over the 5 text sections. Figure 1 presents an example of the data generated by the eye tracker. The red circles represent fixations, thus were a student looks at for a period of time. With the eye tracker, not only the location, but also the duration (in milliseconds) of the gaze can be recorded. The longer a student looks at a certain area, the larger the fixation circles. The lines between the The testing-effect and restudy behavior 11 circles represent the saccades; the eye movements between fixations. During saccades no information is assumed to be processed. Taking the durations of all fixations and saccades that hit the areas of interest (i.e., AIOs) together leads to the dwell and provides a measure of the duration (in milliseconds) that students look at certain AOIs (i.e., in this case the answers to the initial test questions and posttest questions).
** insert Figure 1 about here** There were two types of AOIs, namely answers to initial test questions (i.e., targeted AOIs) and answers to new posttest questions (i.e., non-targeted AOIs). T-tests were calculated for dwell time on AOIs between the conditions. For the study-test-condition, dwell time on questions that were initially answered correctly and incorrectly were compared with a paired sample t-test.
Design and Procedure
The experiment took place at the university where a recording room was specially prepared to collect eye tracking data (i.e., the windows were covered to prevent sunlight falling into the room and a room divider separated the participant and experimenter). The recording room was located in a quiet area of the building to prevent disruptions and noise.
For the study, students were randomly assigned to one of the two conditions (see Table 1 ). ** Insert Table 1 about here ** For the design, previous testing-effect research was used as an example. In the control condition, students studied the text three times (i.e., study-only-condition; SSS) while in the experimental condition students studied the text, took a test (i.e., were asked to retrieve the information needed to answer the question from memory), and then restudied the text (i.e.,
study-test-condition; STS).
Before the experiment began, students were briefly instructed about the experiment and signed an informed consent form. This was followed by the calibration of the eye tracking apparatus (see Van Gog, Paas, and Van Merriënboer, 2005 (Kausler, Laughlin, & Trapp, 1963; Kausler & Trapp, 1962; McDaniel, Blischak, & Challis, 1994) .
Students in both conditions studied each of the five paragraphs of the text (range = 131 -266 words) during 90 seconds. The total reading time was thus 8 minutes (480,000 milliseconds) per study phase. Reading fluency scores (Hasbrouck & Tindal, 2006) showed that this should be sufficient time for the students to carefully read each paragraph (i.e., 133 words per minute in grade 8). During the initial reading phases, the computer automatically went to the subsequent paragraph, whereas during the final reading phase (the final phase in both conditions), students were presented the complete text and could scroll through it as they liked. After the initial study phase, students in the study-only-condition restudied the text in two consecutive study phases of each 8 minutes. Each study phase in this condition was separated by a 2-minute distracter task (i.e., a visual search task) after which the students were recalibrated. Students in the study-test-condition on the other hand were given the factual knowledge test after initial study and then restudied the text a final time (for 8 minutes). Here too, each learning phase was followed by the distracter task and recalibration. The students were instructed to keep on reading during the complete 8 minutes
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Results
1
Analyses between Conditions. An independent-sample t-test 2 revealed no significant differences in dwell time between the two conditions during the first reading for both the targeted and non-targeted AOIs (t(47) = 1.70, p = .10, r = .24) and t(47) = .20, p = .84, r = .23). Students in the study-test-condition focused equally long on targeted AIOs and non-targeted AOIs as compared to students in the study-only-condition (see Table 2 for descriptives). However, on the final reading, students in the study-test-condition looked significantly longer at the targeted AOIs as compared to students in the study-only-condition (t(46) = 2.06, p = .05, r = .29) indicating that test questions guide students' attention towards the information covered by the those question. As expected, no dwell time differences between the two conditions were found for non-targeted AOIs (t(46) = .07, p = .95, r = .01).
Students in the study-test-condition looked, as expected, equally long at the non-targeted AOIs as students in the study-only-condition. ** Insert Table 2 about here ** On the posttest, the two conditions significantly differed on the repeated questions (t(54) = 2.27, p = .027, d = .60). Students in the study-test-condition performed significantly better on the repeated questions of the posttest than students in the study-only-condition (see Table 3 for descriptive statistics). As expected, no significant differences were found between the two conditions on the new factual knowledge questions of the posttest (t(54) = 1.70, 1 Due to imprecise eye tracking data the results of 8 participants during the first reading and 6 participants during the final reading could not be analyzed.
2 Independent sample t-tests were used because there was no significant correlation between dwell time on targeted and non-targeted AOIs and between performance on identical and new posttest questions.
The testing-effect and restudy behavior 14 p = .096, r = .23). Students in the study-test-condition did not score significantly higher or lower on the new factual knowledge questions than students in the study-only-condition. ** Insert Table 3 about here ** Analyses Study-Test-Condition. Students in the study-test-condition answered on average 14% (SD = 15) of the answers correctly on the initial test. Comparing dwell time between areas containing the answer to the question that were initially answered correctly and those initially answered incorrectly with a paired-sample t-test shows that students looked longer at the answers to the questions they initially answered incorrectly than at answers to the questions they initially answered correctly (t(23) = 5.96, p < .001, r = .78). Students looked, on average, 1.29% (SD = 1.85) of the time at the answers to the questions they initially answered correctly and 6.35% (SD = 2.99) of the time at the answers to the questions they initially answered incorrectly (see also Table 3 for descriptive statistics).
Comparing performance on the initial test and the posttest showed that students in the study-test-condition mainly improved on the items they initially answered incorrectly (61.48% of the learned information or i-c). However, they forgot more than 20% of the answers which they had correctly given on the initial factual knowledge test (i.e., c-i) and also remembered (c-c) relatively few items (see Table 4 ). ** Insert Table 4 about here **
General Discussion
In the present study, the boosting effect of restudy after initial testing was studied by investigating attention allocation. For this purpose, students either studied a text, made a test on that text, and then restudied the text (i.e., study-test-condition) or they read the text three times (study-only-condition) without testing. The hypotheses are revisited here one by one.
H1) During initial study, there are no differences in attention allocation between conditions since no questions were given prior to initial study (i.e., manipulation check).
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H2a) During restudy, students in the study-test-condition will focus longer on the information asked for in the initial test (i.e., targeted information) as compared to students who are not tested (i.e., study-only condition).
This hypothesis has been confirmed in the present study. The students in the studytest-condition looked longer at the information that was covered by the test questions as compared to students who were not initially tested. It thus seems that initial testing does guide students' subsequent reading behavior. These findings are in line with prior research showing that questions affect the reading process (e.g., Cerdán et al., 2009 ) even if the questions are provided prior to the restudy phase.
This hypothesis has been confirmed in the present study and provides confirmation for hypothesis 2a.
H3a) Students in the study-test-condition use the restudy phase to focus on incorrectly recalled information. This hypothesis has been only partially confirmed. Although students revisit the information they answered correctly on an initial test, they have more attention for information they answered initially incorrect.
H4) If students in the study-test-condition focus longer on the information they initially answered incorrectly, then this will lead to increased performance on those questions (i.e., a high percentage of 'learned items'; as has been suggested by for example Gurthie, 1971 ) whereas when students use the restudy phase to rehearse correctly retrieved information, this will lead to a high percentage of remembered items on the final test.
In line with hypothesis 3a, students in the study-test-condition had a very high percentage of learned items which supports the conclusion that students use the restudy phase to correct initial errors.
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In sum, the results of the present study show that there is an attentional effect of giving test questions prior to restudy. In addition, performance on the initial test questions seems to influence attention allocation during restudy. In that sense, test questions appear to have a strong diagnostic and formative function. By being tested, students get an idea of how well they learned the information (i.e., testing can thus be seen as a diagnostic tool) and they use this information to steer their subsequent reading. In addition, testing with restudy leads to higher performance on a posttest as compared to reading-only.
An implication from these findings for classroom practice is that problem solving before instruction is helpful for learning and that instruction after attempted problem solving is a necessity, especially when initial problem solving fails (see also Kapur & Toh, 2013; Kapur, 2014) . We would recommend to consider and use problem solving as a formative testing opportunity in educational design which fosters learning instead of an activity that assesses how much students have learned.
Although the present research sheds some light on how test questions actually affect restudy behavior, dwell time on answers to initial test question was only a small fraction of total reading time. However, considering that the AOIs (i.e., the answers to the initial test questions) made only about 5% of the total text, one might conclude that attention effects have taken place. Another limitation of the present study is that the study reported here cannot
give causal explanations about the contribution of retrieval practice versus attention allocation to performance because students in the study-test-condition both retrieved information and attended (longer) to the tested facts. For future research it might be informative to compare a condition in which students are given only targeted information in the form of statements -to control attention allocation during restudy -whereas another condition practices overt recitation to control retrieval practice and compare the effects achieved in both conditions. A final limitation is that the study presented here only looked at recall of facts whereas, for educational practice, it would also be interesting to look at the effects of attention in
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Nevertheless, the present study is to our knowledge the first study which uses eye tracking to gain more insight into the cognitive processes that might explain the testing-effect and it shows that testing affects attention allocation during restudy and that restudy especially plays a role when initial test performance is incorrect.
